This study was conducted to reveal what Memrise, an online vocabulary study tool, can offer to upper-intermediate EFL learners compared to traditional vocabulary exercises in L2 vocabulary learning. Two groups of upper-intermediate learners (N=80) were randomly assigned to the experimental group and the control group and were given the Vocabulary Knowledge Scale, VKS for short, as the pre-test and post-test. The participants in both groups were exposed to the target vocabulary items in the same reading text. While those in the experimental group created list of target vocabulary items collaboratively in Memrise and then studied the sets individually, the learners in the control group did traditional vocabulary exercises. The results of the post-tests indicated that there was a significant difference between the control group and the experimental group in favor of the experimental group. The researchers discuss possible pedagogical implications of this significant finding for EFL vocabulary instruction.
Introduction
In line with the commonly cited quote by Wilkins "without grammar very little can be conveyed, without vocabulary nothing can be conveyed" (Wilkins, 1972, pp. 111-112) , McLean, Hogg and Rush (2013) emphasize the importance of vocabulary as the foundation of competence in language. Studies into second language (L2) vocabulary indicate that a vocabulary size of 8000 to 9000 word families is required for reading and 6000 to 7000 for listening (Nation, 2006) . Although the first 2000 word families can be taught explicitly, Schmitt and Schmitt (2012) state that "there clearly needs to be a focus on vocabulary beyond that covered by the high-frequency, academic and technical categories" (p. 485). As time allocated for learning new words in L2 classes is limited, it is important to use valuable class time as effectively as possible and encourage vocabulary study outside the classroom. There are two research-supported ways learners can learn L2 vocabulary outside the classroom: learning incidentally from either through extensive reading (Saragi, Nation & Meister, 1978; Waring & Takaki, 2003; Pellicer-Sanchez & Schmitt, 2010) or listening to texts (Brown, Waring & Dokaewbua, 2008; Vidal, 2003; and studying words explicitly by using paired associate learning techniques like wordlists, vocabulary notebooks and flashcards (Nakata, 2008; Dodigovic, 2013) .
Learning with flashcards as one of the ways for language-focused learning, which is one of the four strands of vocabulary learning according to Nation (2007) , has fallen out of favor in the 1980s with the introduction of more meaning-focused and communicative approaches (Elgort, 2011, p. 367) . Criticisms against learning words via flashcards, which is one ways of explicit or deliberate learning of vocabulary, come from two different perspectives, one related with how they are learnt and the other emphasizes ineffectiveness of the results. One of the points of view is that paired associate learning is considered as a relic of behaviorist theory of learning (Hultsjin, 2003 cited in Elgort, 2011 and thus deemed an ineffective way of studying L2 under the reign of more communicative approaches. Second, it is argued that words learnt in this way are not acquired as an active element in the bilingual mental lexicon, thereby making them less automatically retrieved and less likely to be a part of active vocabulary stock of L2 learners.
Although paired associate learning is criticized for being obsolete, Nation and Chung (2009) state that "in terms of efficiency, the most effective deliberate learning of vocabulary involves the use of small word cards with the target word or phrase on one side and the first-language translation on the other" (p. 551). Besides, empirical studies indicate that a large number of words could be learnt through paired associate learning (Imrie, 2014; Hung, 2015) . Furthermore, considering the gap between vast amount of vocabulary items to be acquired and time constraints for L2 vocabulary learning in language classes, we cannot solely rely on incidental vocabulary learning through meaning-focused input or meaning-focused output inside and outside the classroom; there is a need for explicit study of words through language-focused activities to bridge the gap.
As for the second criticism that words learnt in this way do not become a part of active vocabulary, recent studies indicate that deliberately learnt lexical items can also be a part of normal language use (Webb, 2002; Elgort, 2007 cited in Nakata, 2011 . In congruency with this claim, the results of a relatively recent study by Elgort (2011) revealed that deliberately learnt vocabulary items can become a part of acquired mental lexicon of L2 learners, which means that explicit and languagefocused study of L2 vocabulary is not only necessary but also effective. Accordingly, McLean et al., (2013) argue that both incidental and explicit learning have roles to play in vocabulary learning and one cannot be excluded at the expense of another. Similarly, Lightbown and Spada (1999) argue that unlike grammatical structures, lexical items are especially responsive to deliberate learning as they can be acquired in any order. Therefore, learning L2 vocabulary from flashcards through languagefocused study seems to be one of the pedagogical solutions for L2 vocabulary learning. In the view of inadequate body of research into flashcard software, which now offers more innovative learning features like tracking, multimodality and ubiquity, further research is necessary to unearth its possible pedagogical effectiveness over existing traditional vocabulary exercises. To this end, the current study examines the pedagogical value of flashcard software and compares it with traditional in-class vocabulary exercises like gap-fill and sentence writing.
Review of Literature
Since their introduction, digital flashcards have yielded quite a few studies (Nakata, 2008; Dodigovic, 2013; Altiner, 2014; Hirschel & Fritz, 2013) . As a relatively recent development, digital flashcard software can be defined as a digital program that enables learners to study L2 lexicon in a paired-associate format (Nakata, 2011) ; thus, research into its use in EFL classes is still in its infancy.
While some studies examined digital flashcards against a set of certain criteria or a model (Nakata, 2011 , Ashcroft & Imrie, 2014 , other studies examined their effectiveness in L2 vocabulary learning comparing them to paper-based flashcards, word lists or word clouds (Nakata, 2008; Imrie, 2014; Hirschel and Fritz, 2013 ). Yet another group of studies examined learners' attitudes towards using flashcard websites (Hung, 2015; Chien, 2013; . Nakata (2008) examined the effectiveness of word lists, cards and computers in L2 vocabulary learning by Japanese learners of EFL. The results revealed no significant difference between all three groups on the posttest, but the computer group performed significantly better on the retention test. Another interesting finding of this study was that time spent studying did not positively correlate with participants' post-test scores for all the three groups. Ashcroft and Imrie (2014) examined the effectiveness of paper flashcards as opposed to flashcard software (Quizlet) by using the Substitution Augmentation Modification Redefinition (SAMR) model. They found that learners can find definitions of L2 words online and use any one of them, which can save time and effort. This can increase their involvement in vocabulary learning process based on the Involvement Load Hypothesis (Hulstijn & Laufer, 2001) . As a result of their systematic comparison of paper versus online flashcard software, Ashcroft and Imrie (2014) concluded that Quizlet does not just substitute paper flashcards but presents a brand new vocabulary learning experience. They further emphasized that a variety of modes offered (flashcards mode, game mode, learn, speller, test, scatter and space race modes) increase multimodality of the materials and learning process, which can augment the chances that we cater for learners' individual differences. Nakata (2011) examined nine digital flashcard programs across a set of 17 criteria based on research and paired associate learning principle. The researcher pointed out that generally these programs can be used to boost L2 vocabulary learning. The analysis revealed that flashcard creation, multilingual support, adding context, audio and images, variety of activities and active sequencing of learning revealed to be outstanding superiorities of digital flashcards. One interesting finding of the study is the lack of consistent and pedagogically proven guidelines for the development of such programs. Overall, the results of Nakata's analysis point out that flashcard programs stand out as one of the effective and deliberate ways of learning L2 vocabulary. McLean et al., (2013) studied the effectiveness of using online flashcard site weekly over a period of one year as compared to extensive reading plus deliberate study of words via digital flashcards. The study also included a control group, which was assigned to read texts extensively. The results of their study indicated that studying vocabulary via a flashcards site, which emphasizes paired associate learning and spaced learning principle, can yield significantly higher performances.
However, it would be pedagogically more appropriate to assign a mixture of extensive reading and online flashcard study, considering additional benefits of extensive reading. Another study by Altiner (2011) examined Anki as an online flashcard tool to teach 210 words from Coxhead's (2000) academic word list to non-native college students in the US. The results of her study, which used a within-subject design including only 13 students, found that studying words with flashcards improved learners' academic vocabulary knowledge. Yet another researcher, Imrie (2014) , compared the effectiveness of using a digital vocabulary-learning tool; namely, Quizlet, as opposed to using paper flashcards and using no such tools in vocabulary learning. The results of the posttest revealed that there were remarkable differences between all the groups, in favor of the Quizlet group, the paper flashcard group and the control group, respectively. Dodigovic (2013) examined the effectiveness of student-generated and teacher-generated digital flashcards versus paper flashcards and using their favorite learning strategies (e.g. looking up electronic dictionaries etc.) without cards. The results of the study revealed that the learners learnt better when they studied vocabulary using teacher-generated cards or using their favorite strategies.
However, there are studies finding that digital flashcards do not lead to better learning performances compared to traditional paper flashcards, word lists etc. A study by Baleghizadeh and Ashoori (2011) , which compared the use of word lists and paper flashcards with Iranian elementary EFL learners, found no significant difference between the two groups. In a similar study, Hirschel and Fritz (2013) compared the effects of using vocabulary notebooks versus CALL program with a control group in terms of vocabulary gain and retention. They found no significant difference between the CALL group and the vocabulary notebook group in the posttest. However, the delayed posttest indicated better retention by the CALL group, though it was not statistically significant. Nikoopour and Kazemi (2014) compared the effectiveness of three types of flashcards; namely, paper, online and mobile flashcards. The results of the study indicated that learners in the paper and mobile flashcards group significantly outperformed the online group. The author duly attributed the significant finding to the ubiquity of mobile and paper flashcards rather than modality (digital versus paper). Thus, it is important that learners have consistent access to online or mobile flashcards. In another study, Mansouri (2015) examined the effectiveness of flashcard software versus word clouds, and the results of the posttest indicated that word cloud group outperformed the flashcard group. However, the researcher used PowerPoint to show flashcards, which does not feature the characteristics of digital flashcard programs that allow for collaboration, tracking, spaced learning and systematic scoring and feedback. Therefore, the results of studies by Nikoopour and Kazemi (2014) , and Mansouri (2105) should be considered with caution.
Hung (2015) compared vocabulary learning by Taiwanese-L1 students of EFL using digital flashcards under three different task conditions; namely, self-practice, peer-exchange and groupbased. The results of the study indicated that the experimental group who worked collaboratively outperformed the two other experimental groups. The researcher also investigated attitudes using Davis' (1989) Technology Acceptance Model to analyze learners' attitudes. The analysis of learner responses indicated that in general all the learners in the study had positive attitudes towards using digital flashcards with learners in the group-based condition having significantly higher scores in all of the three sub-dimensions: usefulness, ease-of-use, and intention-to-use. Chien (2013) also examined the practice and attitudes of L2 learners with regard to making their own flashcards and found that learners tend to choose words to study based on their unfamiliarity with the word rather than by their content or field of study; the results revealed that Space Race is perceived as the most useful activity and that they had difficulty in finding the suitable definition for the word. In another related study, Chien (2015) examined the attitudes of Taiwanese college students towards three popular freely available online vocabulary flashcard websites; namely, Quizlet, Study Stack and Flashcard Exchange based on learner-generated online flashcards, classrooms observations, learning records and interviews. The results revealed that the learners improved their vocabulary knowledge in terms of form and meaning relationship and also had positive attitudes towards learning vocabulary with online flashcards websites and related activities. Lander (2016) examined attitudes of Japanese elementary EFL students with regard to Quizlet upon using it over a period of two 15-week semesters. The learners' responses were examined using a word-mining program and revealed a definite approval of Quizlet.
Current studies compared effectiveness of digital flashcards across different leaner-grouping conditions (Hung, 2015) , or as compared with paper flashcards (Imrie, 2014) , with extensive reading condition (McLean et al., 2013) , with vocabulary notebooks (Hirschel & Fritz, 2013) or with wordlists (Baleghizadeh & Ashoori, 2011) and found controversial results. However, they did not examine their potential to be a more robust alternative to in-class conventional vocabulary exercises like gap-fill and matching. Dodigovic (2013) , who cites Godwin-Jones (2010) 
Methodology
This quasi-experimental study used a pretest-posttest design and two different learning conditions (Figure 1 ). Before the treatment, the students were given the VKS and then the students in both groups read the same text in which the target words were presented and answered the same reading comprehension questions. After that, the experimental group used Memrise to study the target words, while the control group did traditional vocabulary exercises. Finally, the both groups were given the VKS as the posttest. 
Participants
The study group is composed of 80 Turkish-L1 upper-intermediate learners of EFL. Before the study, each student was informed about the study and confidentiality of data. Out of 80 students only 67 were included in the study as 13 students failed to attend either the treatment sessions or the post-test. They had the same level of knowledge with regard to the target words, as revealed by the pretest.
Materials

Flashcard Software (Memrise)
Memrise is an open source (pro version is paid) digital memorization tool which is mostly used for learning vocabulary from a wide range of languages. The software allows its users to create and share their sets of flashcards. Besides, although it is basically designed for individual study, it also enables learners to share their vocabulary sets with the rest of the online community and to customize their own learning.
When evaluated according to 17 criteria (Nakata, 2011) , Memrise meets many of the criteria for effective flashcard software. Users are able to add their own mnemonic images audio or text; they are also given a list of mnemonics, which are already uploaded as images. Users can input a variety of types of information into the software, so any type of semantic and grammatical information together with images can be added. It features both presentation and retrieval modes.
Once words in the lists are presented with their L2 definitions, retrieval mode starts with receptive recognition test with automatically created multiple-choice items. New words are presented many times based on user's previous performance. In this sense, the software features adaptive sequencing; in other words, if the word is not known, it is presented again. The software also increases the retrieval effort as it moves on. After receptive recognition, users are asked to write the word itself, which is more difficult as it involves productive recall by giving L2 definition and asking L2 word form. As for the block size, which is defined as the number of cards presented in one learning session, Memrise presents a manageable size block (five words a session). After a session with five words finishes, users receive immediate feedback. Software tracks learners' performance and assists systematic review in line with adaptive sequencing procedure. The users and teacher can track how many words are learnt. In addition, learners can set a goal for a course, which can encourage learner autonomy. As users can share their lists, the software supports collaboration, and teachers can create and enroll learners in their own courses. Thanks to scoring, competition between learners is encouraged the scores in the leader board, which can boost motivation. So, Memrise stands out as an effective way of studying words online either collaboratively or competitively (Figure 2) . As seen in Table 2 , the words are from frequency bands of between 3000-14000 word families. As the participants in this study are upper-intermediate EFL learners, they are considered to have mastered the words from the first 2000 word family. Thus, words from higher frequency bands were chosen as the target words. Only the words in the idiom, "tongue-in-cheek" was from the first 2000 family, but as it is formulaic language rather than taking the constituents frequency into consideration its frequency in COCA was considered (342 times). So, although the participants know the individual words in it, the researchers expected that they did not know its meaning as an idiom.
Data Collection Tool
To collect data for the study, the VKS (Wesche & Paribakht, 1996) was used. The VKS, which is used as a measure for depth of lexical knowledge, is perhaps one of the most widely used and researched vocabulary measurement tool in vocabulary acquisition research in the literature (Bruton, 2009 ). As a 5-point self-report scale, the VKS can measure small gains in vocabulary learning and appropriate for incremental nature of vocabulary knowledge development. The developers of the test used test-retest reliability and indicated over .80, which indicates the reliability of the scale. As suggested by its developers (Wesche & Paribakht, 1996) , the researchers examined the context the target words were used and set the criteria for correctness at level 4 and 5 was for the target words in this study. The researcher evaluated the VKS papers of the participants separately and the interrater reliability was found to be .90. The flowchart below was used to assess the VKS papers. Wesche & Paribakht, 1996) .
Treatment
Before the treatment process, both groups were given the VKS as the pre-test (the test revealed that there is not a significant difference between the two groups; see results section). The students in both groups did paper-based reading activities. They answered the same reading comprehension questions in class. After the reading comprehension questions, the students in the control group went on to do traditional vocabulary exercises; that is, gap-fill exercises and were asked to write their own sentences using each of the target words. The vocabulary study took 40 minutes. On the other hand, after reading the text and doing the same comprehension exercises, the students in the experimental group did not do traditional vocabulary exercises and studied the words online using Memrise digital vocabulary study tool for 40 minutes as well. As the students in the experimental group had already used this digital tool, the researchers thought that it was not necessary to run a training session.
The first researcher enrolled all the students in the experimental group in a Memrise class and divided the class into five groups. The groups composed of seven students and each were assigned different tasks to be completed collaboratively. The students referred back to the text to find out the meaning of the bold-faced target words in the context. The first group was responsible for creating a definition match set for target words with short English definitions and added part of speech information. They looked up the words in online version of Cambridge Dictionary (Cambridge Dictionary, 2017) . The second group used another online bilingual dictionary (Turkish to English and English to Turkish) (Tureng, 2017) to create a set with L1 equivalents. The third group added synonyms for L2 definition matching and L1 equivalent matching set. They used an online thesaurus (Thesaurus.com, 2017) to complete the task. The fourth group wrote sample sentences for the L1 equivalent set (code mixing in the form of Turkish equivalent of the target word in an English sentence) and for English definition matching set. Meanwhile, the last group added phonetic transcription and audio for the sets. They used text-to-speech software and extracted and copied the link to Memrise (Figure 4) . The students worked on all 18 target words, and collaborative tasks took 30 minutes to finish. After that, the students in the experimental group worked individually for 10 minutes and added further relevant mems if they wanted. So, they spent 40 minutes working with the target words. 
Results
Data collected from both groups were analyzed for normality of distribution by using Shapiro-Wilk test, which revealed that the dataset was not normally distributed for both groups.
Therefore, non-parametric tests were used for the analyses of datasets from the pretest and the posttest as these datasets do not meet the homogeneity of variances assumption.
A Mann-Whitney U test was conducted to determine whether there was a significant difference between the pre-test scores of the experimental (Memrise) group and the control group (traditional). The results of the analysis indicated that there was not a significant difference between median scores of the experimental group (MD= 19.50, SIQR= 3.50 ) and the control group (MD= 21.00, SIQR= 2.25), U= 511,00, p= .529. The experimental group had an average rank of 32.53, while the control group had an average rank of 35.52. This suggests that the groups were approximately equal with respect to depth of knowledge of the target vocabulary items (*semi-interquartile range).
A Wilcoxon sign-ranks tests was carried out to examine statistically significant differences between the scores of the treatment in the pre-and post-VKS test. The post-test scores of the participants in the experimental group (mean rank = 17.00) were significantly higher than their pretest scores (mean rank= 0.00), (Z= −5.014; p= .001). This finding indicated that the participants in the experimental group boosted their scores in the posttest at significant levels.
To ascertain whether there was a significant difference between the control group's scores on the pretest and posttest, another Wilcoxon sign-ranks tests was carried out. The post-test scores of the participants in the control group (mean rank = 16.39) were significantly higher than their pretest scores (mean rank= 3.00), (Z= −4.662; p= .001). This finding suggests that the participants in the control group also increased their scores in the posttest at significant levels.
A Mann-Whitney U test was conducted to determine whether there was a significant difference between the post-test scores of the experimental (Memrise) group and the control group (traditional). The results of the analysis indicated that the experimental group (MD= 32.00, SIQR= 5.75) outperformed the control group (MD= 29.00, SIQR= 4.25), U= 403,00, p= .047. The experimental group had an average rank of 38.65, while the control group had an average rank of 29.21. This suggests that the experimental group outperformed the control group with respect to depth of knowledge of L2 words as measured by the VKS.
Discussion
When the results are examined, it is seen that both groups significantly increased their scores on the VKS posttest compared to their pretest scores, indicating that the flashcard software and traditional vocabulary exercises led to significant learning. This significant result can be interpreted to mean that both treatments are effective in increasing depth of vocabulary knowledge as measured by the VKS. This finding is compatible with the results of previous studies indicating the effectiveness of digital flashcards in L2 vocabulary learning and explicit vocabulary learning through in-class gap-fill exercises (Dodigovic, 2013; Hirschel & Fritz, 2013; Nikoopour & Kazemi, 2014 ).
The second research question which asked if there was a significant difference between the two treatments in terms of depth of lexical knowledge is also answered positively based on the significant difference in favor of the experimental group on the VKS given as the posttest. The VKS requires learners not only to develop form-meaning associations but also to use words productively in grammatically and semantically appropriate contexts. This significant finding in favor of the deliberate vocabulary learning is congruent with the findings of other studies (Webb, 2002; Elgort, 2007 cited in Nakata 2011 Elgort, 2011) , which found that deliberately studied words through paired associate learning can become part of active vocabulary knowledge. This result points to the pedagogical value of digital flashcards for increasing not only receptive lexical knowledge but also for the acquisition of productive knowledge; in other words, grammatical behavior and semantic intricacies of target lexical items can be learnt using flashcard software as it can provide contextualized examples of target vocabulary items (Nagy, Herman, & Anderson, 1985) .
The superior performance of the experimental group can be attributed to certain features of Memrise. The participants in the experimental group added ready-made mnemonics stored in the software by previous users or they uploaded their own images. Besides, the learners added audio, phonetic information, example sentences and mnemonics that they find relevant to the target words. As body of research into the use of mnemonics revealed, mnemonic devices can significantly increase vocabulary learning (Atkinson, 1975; Sarıçoban & Başıbek, 2012; Köksal & Çekiç, 2014) .
Learners' adding their own mnemonics can make learning more customized to individual needs.
Besides enhancing individualization of learning, addition of mnemonic devices could have increased vocabulary gain for two other reasons. First, as demonstrated by previous research (Chun & Plass, 1996; Bisson, van Heuven, Conklin, & Tunney, 2015) , multimodality can increase the learning of new words by enhancing the input. Besides, the tasks in the experimental group were in line with need, search and evaluation elements of task induced involvement load (Hulstijn & Laufer, 2001) in that learners need to understand the meaning of target words in text so as to answer comprehension questions, look up (search) the word in a dictionary, find the suitable (evaluate possible meanings) meaning of the word in the context and find sample sentences contextualizing the meaning. Thus, in line with previous research (Tu & Su, 2004; Karalık & Merç, 2016 ) the significant finding of this study can be considered as a new support for the Task-induced Involvement Load Hypothesis.
Memrise features presentation and retrieval modes. The words are presented in groups of 5 in each cycle. After presentation, in our case, with all the information added (L2 short definition, L1 equivalent, sample sentence, synonyms, phonetic transcription/audio), retrieval practice is achieved through a variety of exercises. Research indicates that retrieval practice in which learners are asked to recall or recognize L2 items and their meanings can enhance vocabulary learning more than mere presentation, because it strengthens retrieval routes to memory (e.g., Barcroft, 2007 , McNamara & Healy, 1995 cited in Nakata, 2011 .
The significantly higher vocabulary gains in the experimental can also be attributed to a variety of activities offered by Memrise as means for retrieval practice. Nakata (2011) mentions that there are four types of retrieval: receptive recognition, productive recognition, receptive recall and productive recall, all of which should be featured in flashcard software. The software initially requires learners to find the correct L2 definition of a given word among four or more choices, which are the definition of other 4 words in the set (receptive recognition). Later on, it requires learners to choose the target word form matching with the meaning given (productive recognition). Next, the definition of a word is given, and the user is required to write the answer (productive recall). Thanks to a variety of retrieval modes Memrise offers, learners' cognitive effort to build memory links is enhanced. The experimental condition involves 3 of 4 retrieval practice excluding receptive recall and the level of difficulty is increased incrementally as the learners move one. Therefore, the significant difference can be attributed to the variety of retrieval exercises. Besides, better performance might be the result of incremental increase of retrieval effort. The retrieval effort hypothesis posits that the more difficult retrieval task gets, the more memory is enhanced (Bjork, 1994; Pyc & Rawson, 2009 cited in Nakata, 2011).
Another superiority of flashcard software condition is that it reassures adaptive sequencing (Nakata, 2011) of lexical item through tracking learners' performance. McLean et al., (2013) state that adaptive sequencing of flashcards involves more frequent practice of incorrectly recalled words till these words are correctly recalled. Memrise provides immediate feedback and keeps track of learner's performance on a specific item. The learner is presented difficult words more frequently and the words correctly answered are shown to be in the long-term memory. Systematic review of lexical items based on learner's performance in previous sessions can enhance regular review of lexical items, which in turn enhance vocabulary gain (Nakata, 2008; McLean et al., 2013) . Therefore, adaptive sequencing and systematic review of lexical items could have led to significantly higher vocabulary gains in the experimental group. Another superiority of the experimental condition, which could have contributed to vocabulary gain, is the immediate and individualized feedback provided for each item. Learners receive individualized feedback in a stress-free environment and can progress at their own speed. All in all, the significantly higher performance of the experimental group could be attributed to the characteristics of flashcard software such as multimodality, presentation and retrieval modes, ready-made mnemonics, adaptive sequencing, immediate and individualized feedback and the nature of the collaborative task, which involved need, search and evaluate elements of the task-induced involvement hypothesis.
Conclusion
The results of the study indicate that flashcard software is more conducive to L2 vocabulary learning compared to in-class traditional gap-fill exercises. As this study is the first to make such a comparison, it bears some alternative and new pedagogical implications for L2 vocabulary instruction and learning. One implication is that instead of doing gap-fill exercises in which some students may choose not to do the exercise or do not pay attention to feedback given, learners can be given chances to create their own flashcards using flashcard software. Besides, flashcard software enables learners to customize learning to their individual needs by ignoring words they know, which is not possible in traditional vocabulary exercises. Furthermore, learners can try out as many times as they can without being anxious about what other students in the classroom think of them. In addition, it can be argued that flashcard software featuring tracking, systematic review and adaptive sequencing can be a sound and research-supported way of learning L2 vocabulary.
Thus, flashcard software (online versions or mobile applications) should be integrated into vocabulary instruction; after the software is introduced in-class, students can be assigned to study words outside classroom. Rather than spending valuable class time for traditional vocabulary exercises in which learners cannot receive individualized feedback and study at their own speed, digital flashcard software can yield better results. Time saved by replacing traditional vocabulary exercises in L2 classes, can be used for meaning-focused input or output activities. In this way, L2 lexical items studied via deliberate paired-associate learning using flashcard software outside the classroom can be quickly revised in the classroom (via mobile applications if possible) and activated through communicative task-based activities. Besides, the pedagogical criteria set by Nakata (2011) as supported by the significant findings of this study can provide guidelines for teachers to choose and incorporate digital flashcard software in their instruction. In addition, digital flashcard software designers can also benefit from the findings and can follow a more pedagogy-driven and research based instructional design principles. In conclusion, the results of this study indicate that flashcard software chosen carefully in line with criteria set by Nakata (2011) , can outperform traditional vocabulary exercises and should replace traditional vocabulary exercises as technology becomes an integrative part of learning languages both inside and outside classrooms.
Limitations
This study has revealed a significant vocabulary gain by the learners who studied target words in collaboration using flashcard software compared to in-class traditional gap-fill and sentence production exercises. However, results are to be taken into consideration by considering the length of study and number of participants. The researchers limited data collection with a set of words that appeared in a reading text as they wanted to control for other variables outside the classroom. Besides controlling for students' possible exposure to target words outside formal instruction period, it was more appropriate to test the words with unannounced test immediately after instructional treatments. Therefore, it was not be possible to keep the instructional period very long as it would make it clear for learners that words they study would be tested. Besides, the number of words to be tested would very high to be covered in one test. However, a more comprehensive test including all dimension of word knowledge beyond the VKS like pronunciation, part of speech and productive spelling tests can be included, and the participants could be given a retention tests to see how the two learning conditions compare when it comes to retention in the long term memory. Prospective studies can investigate acquisition of more words for longer periods of time. Finally, the effects of different recycling patterns on L2 vocabulary gain can be investigated by manipulating the frequency and repetition interval.
